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ABSTRACT

An experiment was designed and conducted to émpirically evaluate

the NASA Thesaurus. The evaluation focused primarily upon the Thesaurus
functioning as a regulatory tool to control the output of a mechanized
retrieval system, A ten percent random sample of search formula
descriptors was used to perform a computerized search of the NASA file
for the 4/67 search period. The resultant output became the standard
again;t which the results of substituting thesaurally identified terms
were cémpared. The figures of mer%t used in the evaluation were:
redundancy, recall, and precision. The objective was to determine if

the Thesaurus did function as a regulatory device even if the file had
been indexed pre=~thesaurally. Results were mainly negative, Effective
control of output of searches against the NASA file was not attained by
the thesaural modification of search formulas. The indexing of the pre-
Thesaurus NASA file did not provide the degree of redundancy required

to utilize efficiently the structural mobility afforded by the Thesaurus
to regulate the output. This outcome suggests a follow-up study to deter-
mine whether post-thesaural indexing does indeed provide sufficient re-
dundancy to permit formal use of the Thesaurus to formulate search
prescriptions in which '"broader" and "narrower' term relationships may be

exploited effectively.



INTRODUCT ION

The National Aeronautics and Space Administration (NASA) collects
organizes, and indexes an extensive file of scientific-~technical information
related to the space effort. In order to facilitate the "spin-off" of
information stored in the file, via innovations in products, processes,
procedures, materials, and systems, to engineers, technicians, administrators
etc.,, NASA is supporting six regional dissemination centers (RDC) throughout
the United States. One RDC is administerga by the Knowledge Availability
Systems Center (KASC) at the University of Pittsburgh. Here a mechanized
diséémination service is employed to exploit (i.e., identify, evaluate,
and disseminate potentially useful information from) the NASA file on both
a retrospective and a current awareness basis to industrial users,

Current procedures for exploiting the NASA file involve: (1)
identifying and documenting the information needs peculiar to each userg
(2) contructing a scarch formula based on the user's profile of information
needs; (3) executing the computer search with this formulaj; (4) eval=-
uvating the search results; (5) providing the user with abstracts
of those documents an analyst determines to be potentially relevant;

(6) evaluation of the abstracts by the requestor in terms of relevancy
to the question posed; and (7) controlling the system output by adjusting
the search formula based on feedbaék information collected in (6) above,

The cumulative experiences of evaluators of information systems
suggest four fundamental reasons for low recall and precision in
mechanized searches of large files. They are:

A. The indexing was not consistent with the wide range of user

interests. This is with respect to the identification of the differ=-



ent kinds of information the various users want to find in the doc-
uments.

B. The influence of the author's vocabulary on the nomenclature
.used by the indexers., Different terminology was used to describe
identical or partially related concepts. Also the same terminology
was frequently used to describe different concepts.

€, Differing depth (exhaustiveness) of indexing which led to
uneven penetration into the potentially useful subject content of
documents, Economic pressures and considerablé variance in the
indexer's understanding of the material in the document led to
inconsistency in the number of independent concepts identified
during analysis.

D, Deficiencies in'the search formulas due to the uncertainties
resulting from factors (A = C) above and uncertainties stemming from
an incomplete understanding of what the system user really had in
mind,

Recently a new tool, the NASA Thesaurus, has been made available to

informacion speciazlists which should help to reduce these deficiencies

in thé indexing of documents and in the constructing of search formulas,

It has several functions: first, it can serve as an authority list in

the selection of legal terms for the construction of search formu}as; second,
it provides access to information files from any term entry point and by

way of its cross-reference structure, channels the formula constructor

to the correct entry term; third, it is used to regulate the system

oﬁtput with respect to both the quantity and quality of cited documents; and
finally, it serves to remove ambiguity by showing the explicit inter-

relationships of the terms where such relationships exist.



Control of the output was generally achieved in two ways. One
method was to change the.logical operators connecting the terms of the
search formula. This was considered a coarse adjustment (analogous to the
coarse adjustment of a microscope). The fine adjustment then was the
vocabulary that was employed in the formulas. The topl that was used to’
make the fine adjustment was a’ thesaurus.

The structure of the Thesaurus makes it useful in making the fine
adjustments for controlling the output of a mechanized system. The
three classes of structure generally found in thesauri provide the in=-
trastructural mobility needed to reduce the previously discussed deficiencies
in mechanized searches. The first class provides vertical mobility.
Displays in this class are hierarchical, that is, a term and its related
terms form arrays of conceptually broader and narrower terms that are
the reciprocal one of the other. TFor example: the term "phase detectors”
has as one related word the term "circuits" which is broader or more
generic in meaning, and at the same time has the related word "synchro=
scopes" which is narrower or more specific in meaning. Substitution of
the term "circuits" for the term "phased detectors'" in a search formula
should locosen the control of the output establisﬁed by the original term,
while substitution of the narrower term "synchroscopes" should tighten
the control of the output by reducing it in size and scope, The second
class of structure provides horizontal mobility. Provision of this type
of mobility requires parallel displays where the terms are related con=-
ceptually or associatively, but not hierarchically. For example, "de=-
tectors,' "phase control,'" 'phase error,'" "synchronism," etc. are all re-
lated terms, all equally related, but in a parallel sense, not hierarchically.
Included in this class are subject terms with broad or ambiguous meanings

which precludes their being effective for indexing or retrieving information,



Such a term is '"facilities."” 1In this case the user was présented with

a list of more specific terms to choose from, such as."airports,? ﬁbuiidings,“
“centers," "electrical power plants," etc. The third class of structure
provided by the "use" and "used for" cross-referencing structure and

was necessary to handle the synonymical relationships that might exist

between terms., This mobility permitted entry into the system with an

invalid term and assured access to the "legal’” entry term,

Additional Background Information Necessary to Understand the Problem

Indexing of the NASA File.

Pre~thesaurus = Indexer generally identified the most specific
set of terms which describes the document. He then did one or
both of the following: a) disjoined the several words which
comprised a pre=ccordinated term, and/or b) posted up from the
specific term to broader terms. Neither of these were done con-
sistently. 1In addition, if other broader terms were considered
legitimate index terms, they were also included.

The NASA system of indexing was never a "pure" uniterm system.
There was always some provision made for the use of multiple-word,
or precoordinate, terms that were used to index the documents
in the published indexes. This was explained in a discussion of
the NASA system by Van A. Wente.

The NASA system designer recognized at the outset that
these two approaches to retrieval, books indexes and
tape files, may best employ two different types of
indexing, It was felt that if the two types of index- -
ing could be performed simultaneously and without
duplication of effort, a significant gain in efficiency
would be realized, On the one hand, the manipulative
nature of computer tape data allowed the use of term

coordination of an almost unlimited degree. On the
other hand printed indexes, because of their non=-



manipulative nature, required the use of a subject
heading type of indexing, whereby a highly developed
structure of terms and croSs-references guides the searcher
to relatively more specific terms in the indexes where he
might look for desired subject matter. 1In actual practice,
the difference between these two indexing approaches
became a difference in degree of what may be called pre-
doprdination.

A completely word-by-word approach to indexing for
computer retrieval may result in an excessive potential
for false combinations and lack of specificity. There-
fore, a machine vocabulary was developed which required
precoordinations of those words most likely to give such
results if used by themselves: proper names, specific
things or projects and certain very general terms (LOW,
HIGH, etc.). A vocabulary of approximately 13,000 terms
resulted, with about 40 percent of its terms precoordinated..
From 15 to 20 or more of these terms are currently employed
to characterize the average document in the tape data. 1

Each document acquired by NASA was, at the time of the sample

period chosen for this study, assigned an average of three published

terms and "10 machine terms," i.e., terms that were never used in the

2
published indexes.

The NASA system imposed a double burden on the analyst or user of
the system in that he not only had to predict which term or terms might
ﬁave been assigned to a document, he then had to be able to predict the
"form in which the term would appear, i.e., in an intact form as used in
the published indexes or in the exploded form used on the machine-readable
‘tape. If a multiple-word term had been used to index the document in
the published indexes, it would appear on the machine-readable tape in
the same form. In order to make the system consistent with uniterm prin-
ciples, there was, at least part of the time, a policy that required that
the multiple-word terms be fragmented into their component parts for use

on the machine-readable tape.

1 Van A. Wente, "Specificity and Accessibility in a System of Infor-
mation Centers on Space and Aeronautic," Colloquium on Technical Precon-
ditions for Retrieval Center Operations. ed. Benjamin F. Cheydleur (N. J.
Macmillan, 1965) p. 56.

2 This figure appears in the SAL in the Introduction and does not
agree with the figure generated by the program used at the KAS Center.
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Post~-Thesaurus .

In Indexing Guidelines for Use with the NASA Thesaurus, the fol-

lowing statement appears in the section labelled '"Changes in Indexing

Practices/Patterns'":

The unitizing (breaking down) of combined (precoordinated) published
terms into machine retrieval terms will be discontinued.

For example, LIQUID PROPELLANT ROCKET ENGINE (0ld Subject Guide Term)
LIQUID; PROPELLANT; ROCKET. ENGINE or ROCKET and ENGINE
(Machine Retrieval Terms)
The Thesaurus will contain a modified version of most old "uniterms."
These will be used based on the information being indexed and not
automatically upposted as previously.3
Apparently "upposting" meant exploding the multiple word terms into their
component parts.
This practice was evidently never firmly established as policy
because it varied from time to time, and when it was in effect, was
not consistently enforced, Therefore, Documentation, Inc., recommend-
ed that all strategies include both forms of the term, the exploded
form because the document may not have appeared under the intact form
in the published indexes because it was not a "major concept" in the
document, and the intact form because if the document had been indexed

under the intact form in the published indexes, the term may not have

been exploded for use on the machine-readable tape.4

3National Aeronautics and Space Administration, "Indexing Guide-
lines for Use with the NASA Thesaurus, "Unpublished paper, January,
1968. '

Documentation Incorporated. Guide to the Processing, Storage,
and Retrieval of Bibliographic Information at the NASA Scientific and
Technical Information Facility, (College Park, Md., 1966) pp. 8-9.




Construction of Search Formulas and Searching Procedures

After the requestor's information needs had been determined, the set

of keywords reflecting this need (his prbfile) were logically strung

together with Boolean connectors to form a search formula. Search

formulas can be sorted into two categories:

1.

Analytics formed by a single term (representing a single aspect of
information) or by a union of terms.
’ The least complicated fofmula consistea of ‘either a single term
or ‘a series of single terms summed. The union was represented in the
examples by a plus sign (+). When.this gype of formula was used, it
may be assumed that, in the opinion of the analyst, each term repre-
sents the question statement, and that every document indexed by the
term had the possibility of being relevant to the question statement.
The following are examples of strategies in this category.

VACUUM DEPOSITION

TEMPERATURE MEASUREMENT + THERMISTOR + TEMPERATURE SENSOR
In the delimited population of 256 strategies used for this study,
there were thirteen (5 percent) consisting of a single term and sixfy-
eight (27 percent) consisting of a series of two or more terms summed.
Analytics formed by the iﬁtersection of two or more search formula
terms.

The criterion for membership in this category was that two

or more terms8 in the search formula were conjoined thus requiring
the same set of terms to appear concurrently in a document (as index
terms) for the logic of the analytic to be satisfied. Apparently
in these cases, no single term represented the question statement

and the analyst was interested in documents indexed by term "AY only



if they were also in&exed Sy term "B". The simplest formula of this
type consisted of the intersection of two terms, for example,
OXIDATION * METAL
where the asterisk (¥) was the logical connector for intersection. This
type of formula most closely approximated the classic uniterm formula
in which two three or four very broad terms, i.e., terms with non-specific
referents, were conjoined in an intersection to retrieve document citations
of a highly specific nature. Taube and Wachtel used, as an example, the
" coordination of the terms PLASTIC, BONDING, METAL and WOOD to find
references to '"plastic bonding metal to wood.">
More complex forms in this category of analytics are the following
configurations which represent a series of intersections summed.
HYDROCARBON*(CATALYTIC ACTIVITY+CATALYSIS%CATALYST)
The following example is a variation of the preceding form.
((RADARF-ANTENNA) *(ARRAY+PHASED ARRAY))
Other formula variations consisted of the union of one or more terms
with one or more intersections in various combinations. Examples are:
ADHESIVE + (ADHESION * POLYMER)
(FUSELAGE * (HELICOPTER + VIBRATION)) + HELICOPTER * VIBRATION)
A final variation is included which is a direct result of the formula
constructor's uncertainty as to whether a multiple-word descriptor was
disjoined or remained intact when selecfed as an index term.
As a result, analysts tended to reinforce their formulas by including
both forms of the term. Four of the formulas contained a multiple word

term as a single term and had its component parts used in an intersection.

O Mortimer Taube and Associates. Studies in Coordinate Indexing.
1953 (n.p. Documentation, Inc., 1953), 11, 39.




For example
ELECTRIC MOTOR + (ELECTRIC * MOTOR).
However, in developing the list of terms used in the sample formulas
no attempt was made to equate the terms forming intersections with a pre-
coordinated form including both terms. A casual examination of the
formulas will show that although some of the formulas include an intersection

made up of two parts of a multiple-word term included in the Subject'Author—

ity List (SAL) and sometimes in the formulas in an intact form, many of the
terms .forming intersections were not represented in the SAL in a multiple
word fo;m.

Some formulas seemed to include both possibilities, that is, 1) the
use of two terms to form an intersection not provided‘for in the termin-
ology, and, 2) to back up a multiple-word term also used in an intact form
in the formula.

The formula was then matched against the index terms of the documents
in the file. If the terms matched and the requirements of the logic were
met, the document was cited as potentially relevant to the question asked.
The output was controlled both as to size and usefulness not only by the
logic involved, but also by the selection of terms in the formula.

The SAL, which simply lists the legal terms without any indication of
interterm relationships, was employed to control the vocabulary and to
construct the population of search formulas used in this experiment (with

the advent of the NASA Thesaurus, all of the search formulas have sub-

sequently been modified to comply with thesaural requirements). In
addition, the availability of the Thesaurus in 1968 exhibited rela-
tionéhips which provided varying degrees of intrastructural mobility,

seemed to open a way for additional regulation of the output with fine



control provided by vocabulary adjustments. All this can now be done
with some_a priori feeling as to what should happen to the output if one

or several candidate terms are substituted for an original term in the

formula.

10



‘Design of an Experiment

A. Objective: Empirically evaluate the NASA Thesaurus as to its

capability of meeting its indicated use (i.e., regulate the
quantity and/or quality of the output of searches executed against

the subfile using search formulas constructed within its constraints).

Definitions (from the NASA Thesaurus)

1. Broader Term (B.T.) "... indicated that the terms that
follow the B.T. notation represented more inclusive concepts

that covered, among others, the term used. For example:

ALUMINUM ALLOYS
BT  ALLOYS

2. Narrower Term (N.T.,) "... indicated that the subject terms
following the N.T. notation represented more specific concepts
than the term used; it was a reciprocal of the broader term
(B.T.) reference. For example:

ALLOYS
NT ALUMINUM ALLOYS

3. Related Term (R.T.) "... indicated that the two indexable
terms were closely related conceptually but were not structured

within the broader or narrower 'tree,"
: : s

or hierarchy. The
reciprocal of the R.T. reference "a'" was the R.T. reference

"p" and wvice versa,

a) RADAR EQUIPMENT
R.T. RADIO EQUIPMENT

b) RADIO EQUIPMENT
R.T. RADAR EQUIPMENT

11



4.

Analytics - Component parts of search formulas. Analytics were
generally strung together with Boolean logic to form the basic

tool for searching large files..

Definitions of Measures Used in the Experiment

5.

Precision - Measures the proportion of the documents retrieved by the
new analytics that were relevant to the user's information needs. This
was not true precision in that the complement of the set (i.e., total
cited by the analytics minus the.relevant documents) was not evaluated
by the user. 1t did, however, give an indication of the effectiveness
of thésaurally substituting terms in search analytics when the standard
of evaluation was the relevant documents retrieved by the original
analytics.

Recall - Measured the ability of an analytic to retrieve relevant
documents. There were two standards in this experiment against which
recall was measured. One was the professional information analyst's
opinion of the potential relevance of the document; the other was the
information user's judgment of the document's relevance to his needs.
New analytics formed with substituted terms (thesaurally suggested) were
evaluated by their ability to recall the relevant documents retrieved by
the original analytics.

Redundancy - The indexing of a document with a given term as well as
any of the set of broader, narrower, or related terms that were
thesaurally associated with the given term. It measured the co-
occurrence of an index term with a thesaurélly associated index term

in the same document.



L
C. Expectations of Results: These fell into three classes based on the

structural classification of the Thesaurus.

1. Broader term expectation: If a term structured by the Thesaurus
as a broader term (B.T.) was truly a broader term, then the
results of substituting this class into the search formulas
should have been an output that contained all the documents
indexed by the original search formula term in addition to others.
The number of documents cited should be greater, but it must
contain at least those cited by the original terﬁ (0.T.). Other-

wise, the substitution degrades the search formula. This expecta-

tion is illustrated in Figure 1.

Figure 1

2. Narrower term expectation: If a term labeled a "nmarrower' term
(N.T.) was truly a narrower term, then the results of sub-
stituting it into a search formula should have been an output
that was a subset of the output from the 0.T., but with in-
creased precision. That is, a greater proportion of the
cited documents should be relevant to the user's needs than

would be in the original output. This expectation is illus-

trated in Figure 2. No document should be cited by the N.T.

13



that was not cited by the 0.T,

In addition, the summation of all the documents cited by the
‘narrower terms should be identical to the set of documents cited by

the original term.

Figure 2

3¢ Related term expectation: If a term is a related term (R,T.)
there are two potential results., First, the two listings
could be disjointed (no documents in common), or second,
if there is overlap, it should be slight. These two

cases are illustrated in Figure 3,

O' Tl

Figure 3

Redundancy with related terms should be low, but not zero.

14



Statement of the Problem

Can a thesaurus which has been based on an actual large file indexing
vocabulary with its inter—termvrelationships established not by natural
usage of these terms in the documents, but by conventions estaﬁlished by
a panel of experts, be imposed over the construction of search formdlas'
designed to search the same file as it was indexed pre-thesaurally as weil
‘as post-thesaurally? Can search formulas be thesaurally modified to regu-
late the output to the desired degree (with respect to recall and precision)?

Do the terms in the thesaurus exhibit the relationships assigned to them

(i.e., are "broader" terms really broader and "narrower'" terms really

narrower?

15



ggthodology

The methodology described in this section is a summary of the

important steps employed to design and conduct the experiment. Specific

details on each of these steps are given in Appendix A.

Delimit a population of search formulase.

Make a listing of the unique terms in this population,

" Equate the original terms (legal entrys in the pre-

thesaurus Subject Authority List (SAL) with NASA
thesaurus terms.*
Use the equated'thesaurus terms as inpu£ to search the

full thesaurus tape. Sort and list the mini-thesaurus

of equated terms. The listing has the thesaurus term

along with the subterms related to it.

Compare the Thesaurus terms with the SAL termse

- *When this study was first planned, it was believed that there
would be a relatively small number of unique terms in the total number
of terms used in the strategies and that it would be possible to visual=-
ly equate the subterms listed under the strategy terms as Main Terms
in the Thesaurus with the SAL form of the term and keypunch the SAL
term for a single aspect search of the file., The unexpectedly large
number of unique terms used in the stwategies precluded this possibility
and it was necessary to mechanize more of the progect than had original-
ly been planned.

16



6. Create a modified thesaurus containing only the original search
formula terms and which has the NASA Thesaurﬁs relationships and
format, but uses SAL terminology.

7. Using the modified thesaurus, identify all the terms that are candidate
terms for substitution with the randomly selected search formula
term. These will include all the broader and narrower terms and ap-
proximately one-third of the related terms® for a given entry in the
Thesaurus.

8. Keypunch the identified terms thét are candidates for substitution
as well as the original term into machine-readable form and search
the NASA subfile for all documents indexed by these terms. This
inverted subfile will be the data base for all subsequent searches.

9. Divide the candidate terms into two groups based on the type of analytic
they form. The group containing the analytics formed by the union of
one or more terms will be known as tim;L}group. The other group
consisting of the analytics formed by the intersection of two or more
terms will be known as the fﬂ\group.

10, For the‘Lj,group, thesaurally suggested terms will be considere& a
single aspect search formula and matched against the index terms of the
subfile. The resulting list of accession numbers of documents
indexed by this term will be compared to the listing of accession
numbers for the original term and evaluated according to the
criteria established for broader, narrower, and related terms

(see expectations . . . page 13,14).

]

*Because of the large number of terms in the set of related terms,

it was arbitrarily decided to use one~third of these as listed in the
thesaurus, -

17
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For the [),group, an intermediate step must be taken before
evaluating the structural relationship established for the
selected term. The several constituent terms of the intersection
must be searched simultaneously with the selected term. Thus,
when a thesaural term is substituted, the set of terms comprising
the intersection (including the thesaural term) must be searched
as a unit, This unit is then considered a search formula and is
matched against the file as was the single aspect formula. The

regsults of these searches will then be evaluated as for the Lj

group.



Results and Discussion

A, Condition I: Substituting Thesaurallf Broader Terms into Search
Formula Analytics
1. Analytics formed by the original term either singly or in union
with one or more terms in the search formula.

Central Tendencies and Dispersions

One hundred twelve (112) of the analytics that were randomly selected
for study belonged to the I_] group, Of these, broader terms |
were identified in the Thesaurus for sixty-five of the original

terms in these analytics., The remaining forty-seven origiﬁal

terme had no broader terms identified for them. These original

terms were index terms for a total of 390 documents in the subfile.
The number of documents indexed by each term ranged from 0 to

43: the median indexed was three. For the 65 original terms there
were 141 terms in the Thesaurus structurally classified as broader.
These 141 broader terﬁs in turn were index terms for 6506 documents.*
The number of documents indexed by each broader term of this set
ranged from 0 to 318; the median now being 4.9 documents per

terme.

* The number of unique documents may be somewhat less since no attempt
was made to comb out the redundancy that occurs when a given document is
indexed by two or more terms from the set of broader terms,

19



Redundancy

Our expectétions fqr broader terms, if ctrrent scarch formuizs can be
thesaurally modified and used on the NASA file, is that therec wouléd

be ldO% redundency, i.e., all 390 documents cited by the candidate terms

Y2 = g

would also be cited by the substituted terms. Hewever, only 185 -
'§e£; ditgd.giv ng a redundancy fig £ 47.5%. Of the 1é5 redundaﬂt
.citations, 168 (or 91%) were thezresult~of broadening the term by
disjoining a multiple word-descriptor (removing a modifier which

acts to designate the specific subset of the several subsets of
referents that may -be attached to a given term, c.g.,.broadenihg a
descriptor like "acoustic attenuation' by cliﬁinating "acoustic."
Tﬁirty of the broader terms were also used as original terms in
other component-parts of the search formula, both in union with
other ferms.and in intersection with other termé. Informatic n‘
‘analysts frequently em 1by thise st;ategy not dnly to broaden the

scope of the content area covered by the formula, bgt also to

hedge against missing information because of their lack of faith

jin the consistency of the indéxing and.in the exhaustiveness .0of indexing.
Sixtcen of the thirty had been added in uﬁion (the Boolean Yor'™)

to the other term(s) in the formula. Of these sixteen, thirteen

did'not cite any of the documents cited by the carndidate terms

in Lhe FcrmLTaC. Again the expectation would have been that of
100% recundancy or overlap in citinz the same document. The other

thrce ¢7d provide scme overlap, but the redundancy level wzs only
30%. This indicates that the level of redundancy added by

thesaﬂrall& "broadening" the search formula.is not satisfactory

for the NASA file for this class of analytic,

20



Recall and Precision

Of the 390 documents cited by the original term about half (198 or
517) were evaluated as potentially relevant b§ the information analyst.
One hundred and four (104) of the 198 would have been cited had a broader
term been used in the analytic instead of the original term. This is a
recall factor of .53, indicating that about half of the documents evaluated
as relevant by the analyst would have been retrieved had all the broader
terms. been included in the analytics of the 65 formulas in this group.
Employing a single broadexr term in the formula analytic would have
produced results ranging from 1007 recall to zero recall. The former
is likely to occur if the broader term used in the Eeyword is a multiple~
word descriptor. The latter occurred frequently (18 of 141 broader terms
(137%) cited no documents).

With regard to the user's evaluation of relevancy, there were 143
of the 390 originally cited documents evaluated as relevant (37%). Of
the 143 relevant documents, 82 would have been recalled using broader
terms in the component parts of the search formula instead of the original
term. This is a recall factor of .57, indicating again that a little more
than half the relevant documents would have been retrieved had broader

terms been used in the analytics rather than the original term.
J

2, Analytics formed by the candidate term in intersection with
search formula terms.

Central Tendencies and Dispersions

The remaining 117 analytics of the original 229 sampled
for investigation were from the [\.group. Of these, the
Thesaurus identified thirty~seven as having a set of broader

terms that could be substituted for the original terms in the
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analytics., The remaining eighty origingl terms had no broader'terms
thesaurally identified,.

The 37 terms having a substitutable sat of broader terms will
be examined more closely now. It should be recalled from the
discussion of procedures (see p. 38 )that the [).group had to be
handled differently than the‘(] group. An analytic in the f\_group
demands the cooccurrence of two or more terms to satisfy its
logical requirgments. In turn, this means- that for documents to be cited
it must have among its descriptors all the terms specified in the
analytic. For example, the analytic

+.« e€lectrodeposition®*nonmetal® inorganic ...
requires a documen? to be .indexed by all three of these
terms in order for it to be cited (machine selected) as matching
the information need of the request. This example is a
stringent form of vocabulary control and is aglikely as not to
retrieve nothing. Most [X,analytics require the cooccurrence of only
two terms. These are frequently nested, i.e., one term is held constant,
but the second term can be chosen from a set of alternatives. An
example of this might be

ee. electron® (optics 4+ microscope + aiffraction) cee

Electron is a must index term, but the required second term
can be any of the three inside the parenthesis. 1In effect
there are three analytics displayed in this example ~-- electron

and optics, electron and microscope, and electron and diffraction.
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With this mind, we turn back to the discussion of the
[jx group. There were 128 analytics formed with the 37
original terms, The median number of analytics thus formed was
2,1 for each term; the range was from 1 to a high of 13. The
number of documents indexed by the set of terms specified in the 128
analytics was 91. The range for each set of terms was from 0 to

13, the median number indexed was 1,0 per document.

For these 37 original terms there were 70 terms in the
fhesaurus structurally classified as broader. When these 70
broader terms were substituted (where applicable) into the
analytics involving the original term, there were 489 documents
cited as matching the requirements. The numb;r of documents
cited by the analytics after broader terms were substituted
ranged from O to 156 per formula. The average number of cites per analytic
was 3.8.
Redundancy
As stated previously, our expectations for broader terms
is 100% redundancy. We expected all 91 of ‘the documents cited
by the original analytics to also be cited by the "broader
analytics". However, only 23 were cited giving a redundancy
figure of 25.3%. Of the 23 redundant citations, 16 (or 69.5%)
were the result of disjoining a multiple~word descriptor as discussed

earlier.
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Recall and Precision

The recall and precision values that result when broader
terms are used in a search formula can be determined. There are
two standards upon which recall and precision can be based.
First, there is the professional information analyst's evaluation -
of the documents, and second, the information requestor's
evaluation.

Of the 91 documents cited by the original analytics
31 were considered relevant by the information analyst.

Eight of these would have been cited had broader terms been used
in the analytics instead of the term that was chosen originally.
This is a recall factor of .26 and means that had all the
broader terms been used in a component of the search formula
instead of the original term, roughly one-fourth of

those documents that the analyst felt to be relevant to the
request would have been retrieved. The recall factor for
relevant documents (those the requestor himself evaluated

as relevant) was nearly the same. Twenty-seven of the 91
originally cited documents were evaluated ag relevant by

the user. Seven of the relevant documents were cited by
analytics containing a broader term in structuring this
component of the search formula.

The relationship between term broadness (as empirically
defined) and the redundancy value (as empirically measured)
is graphically displayed in Figure 4.

Thefe were 110 terms considered truly "“broader" by the empirical

definition. Forty-three of these had a redundancy factor
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greater than 50%. 1In this set, all but four were candidate terms
stripped of a modifier; 31 of the 43 had'a redundancy factor of
100%. Of the remaining 67 (broader but with less than 50% re-
dundancy) only six were disjoined multiple word terms or terms
with the prefix stripped off (e.g. spectrophotography becoming
photography) . All six had redundancy factors of zero.
Fifty-nine of the terms were not really "broader" by this
.definition (to the left of the line demarcating unity at 1.0).
0f these 59, only five showed any degree of rédundancy at all
and only one of these is noteworthy (at 35%). 1t also happens
to be a disjoined multiple~word descriptor.

Empirically, the substitution of broader terms into search
formulas, the comp;nent parts of which were the union of terms,
did increasethe number of documents cited by the substituted
terms (approximately 16.5 times) when compared to the number cited by
the candidate terms. However, the redundancy figure of 47.5
percent is not sufficient to fulfill the empirical definition

of "broadness."
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B. Condition II: Substituting Thesaurally Narrower Terms into Search
‘Formula Analytics
I. Analytics formed by the original term either singly or in union

with one or more terms in the search formula

Central Tendencies and Dispersions
One hundred twelve (112) of the ahalytics randomly selected
for study belonged to the (Mjgroup. 0f these, narrower terms
were identified in the Thesaurus for forty-four of the
original terms in the search formdla analytics. The
remaining sixty-eight of the original terms had no
narrower terms identified for them. The original terms
under consideration were index terms in a total of 529
documents in the subfile., The number of documents indexed
by each original term ranged from O to 73, the median
indexed was 7.5 documents.

For these 44 original terms, there were 200 terms
in the Thesaurus classified structurally as narrower. These
200 narrower terms, in turn, were index terms for 632
documents;* The number indexed by each narrower term
in this set ;anged from 0 fo 57, with the median being
2.8 documents.

Redundancy

Our expectation for narrower term substitution (as

discussed under Design of the Experiment, pp. 13,14) is-
increased precision. The output for each narrower term
substituted is a subset of the output for the original

term. Therefore, the union of all the narrower term outputs

* Footnote on page 19 also applies to narrower terms,
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should be the equivalent of the output for the original
term. In addition, at lecast one of the narrower terms

in a set should have high recall and precision values,
indicating a convergence o£ user profile with the output,
Therefore, we expected that all of the 529 documents cited
by the original terms would be found in the 632 documents
indexed by the narrower terms. However only 89 (or 17%)
of the 529 documents were cited, In this case the sum
~of the parté equals only 17% of the whole, and not nearly
meeting the éxpectation.’ |

Recall and Precision

O0f the 529 documents cited by the original term,
about one-éhird (161 or 30.5%) were evaiuated aé potentially
by the information analyst and forwarded to the user.
Only 20 of the 161 analyst-relevant documents were cited
by narrower terms, a recall factor of only ,13. It
indicates thét a little more than 10% of the documents
evaluated as potentially useful by the information analyst
would have been retrieved had all the narrower terms been
included in. the .analytics of the 44 formulas in this group.
The use of a single narrower term in a formula analytic
would have produced results ranging from 100% recall (one
case and with only one document involved) to zero recall.
The latter occurred over half the time (55%).‘ Where there’
was recall with narrbwer terms, the rccall value was 40
or less in each instance.

Considering now the user's evaluation of relevancy,
there were 119 relevant documents out of the 529 mechani-

cally cited with the original term; a relevancy factor of
28 '
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21%. Of the 119 relevant documents, 16 would héve been
cited using all the narrower terms in the component parts
of the search formula instead of the ériginal term. This
is a recall factor of 15%, a very low levelleven though the
expectation was that all the narrower terms taken
collectively woqld approximate-the original term output,.
2. Analytics formed by the candidate terms in intersection with search
formula terms.

Central Tendencies and Dispersions

There were 117 analytics that belonged to the [}_group.
Of these, the Thesaurus identified éixty—eight as having
a set of narrow terms that could be substituted for the
original terms in the analytics. The remaining 49
original terms had no thesaurally identified narrower
terms for them. There were 189 analytics formed by the 68 original
terms in this gtoup. The median number of anaiytics
thus formed was 1.6 for each term and ranged from 1 to a
high of 14. The number of documents indexed by this
set of analytics was 376. The number for each term ranged
from 0 to 56 with a median value of 1.9 documents
per analytic.

For these 68 original terms there were 492 terms in
the Thesaurus structurally classified as narrower. When
these 492 narrower terms were substituted (where appropriate)
into the analytics involving the original term, there were

192 documents cited as potential answers to the submitted
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questions. The number of documents cited by the new analytics
after narrower terms were substituteé ranged from O to 34 per
formula, fThe average number of cites per analytic was 1.0,
Redundancy

Asvdiscussed previously, our expectations for narrower terms
is that the collective output for the set of "narrower
analytics'" is equivalent to the output of the original analytics.
We expected all 376 documents cited by the original analytics
to be also cited by the summation of the narrower analytics.
However, only 62 of the citations were reaundant, giving a
redundancy figure of 16.5%.

Recall and Precision

The recall and precision values, with respect to both the in-
formation analyst's and the user's evaluation of relevance
that result from replacing terms in the search formula with
narrower terms, also can be determined.

Of the 376 documents cited by the original analytics, 121 were
considered relevant by the analyst. Fifteen of these would
have been cited had narrower terms been used in the analytics
instead of those originally chosen. This is a recall value of
- 12.5% and indicates that had ail the narrower terms been used
in the search formulas instead of the original terms only,
one-eighth of the documents the analyst felt to be potentially
uscful to the reqﬁest would have been retrieved. The recall
factor for documents evaluated as relevant by the user was
slightly less than for the analyst. Seventy-nine of the origi-

nal cited documents were considered relevant by the user. Nine
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of these rclevant documents were cited by analytics containing
narrower terms substituted for the original., The recall for
usér—relévant documents is.now 11.3% so that we now find that
énly one-ninth of the relevant documents can be recalled if
the user happens to choose narrower terms in structuring this

component of the search formula.
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C. Condition III: Substituting Thesaurally Related Terms into Search
Formula Analytics |
1. ‘Analytics formed by the original term either singl& or in union
with one or more terms in the search formula.

Central Tendencies and Dispersions

Analytics randomly selected for study that belong to the [J
group numberea 112. Of these, related terms were listed in
the Theasurus for 94 of the original terms in the search
formula analytics. The remaining 18 analytics had no related
terms associated with them.. The 94 original terms under
consideration in this group were index terms for a total

of 713 documents in the subfile., The number of documents
indexed by each original term ranged from 0 to 73, the

median number indexed was 4.2 documents.

For these original 94 terms there were 320 terms in the
Thesaurus classified in its hierarchical structure as related.
These 320 terms in turn were index terms for 5747 documents. ¥
The number indexed by'each related term in this set ranged
from 0 to 367, the median being 2.8 documents.

Redundancy

Our expectation for related term substitution (discussed under
Design of the Experiment, p. 14) is low redundancy, very low
recall and precision. In many cases the set of documents
cited by the original analytics and the set cited by "related
analytics'" should be disjoint; where there is overlap it should

be slight.

*

Footnote on page 19 also applies to related terms,
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Therefore, we expected few (about 10%) of the 713 documents
cited by the original terms to bé among the 5747 documents cited
by the related terms. Thié was correct, since only 128 kor
18%) of the 713 documents were cited in common. This amount
of overlap did not differ greatly from the expectation.

. Thirteen of the 94 sets of cited documénts were disjoint,
citing no documenfs in common.

Recall and Precision

0f the 712 documents cited by the oriéinal term, one-third

(238 or 33.4%) weré evaluated as potentiélly useful by the
information analyst and forwarded to the requestor. Related
terms were found on 75 of fhe 238 analyst-relevant documents
which is 3i.5%. Roﬁghly one-third of the documents evaluated
as potentially useful by the information analyst would have
been retrieved had all the sampled related terms been used in
lieu of the chosen term for the 94 analytics in this group.
When a single related term was used in a formula analytic, it
resulted in recall values ranging from 100% (9 out of 9 documents)
to zero. The latter occurred 30% of the time. Where recall
was observed using related térms, it was found that the related
term was a part of a disjoined, multiple-word descriptor, e.g.,
Moag" taken from "gas dynamics".

There were 178 documents in this group evaluated as relevant
by the requestor. Of these, 51 could have been recalled us{ng
related terms from the sample in the analytics. The fecall factor
is .29.

2. Analytics formed by the candidate terms in intersection with search

formula terms.
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Central Tendencies and Dispersions

The number of analytics that belonged to theﬂgroup was 117.

*0f these, 112 had a set of terms thesaurally identified for them
which could be substituted for the originél terms in the
ahalytics. The other five original terms had no related term
associated with them. There were 327 analytics formed by
intersecting the 112 original terms with other terms. The
median number of analytics thus formed was 2.0 for each term
and ranged from 1 to a high of 14, The number of documents
indexed by this set of original analytics was 550. The number
for each analytic ranged from O’to 95 with a median value of
1.0 documents per analytic.

For the 112 original terms there were 556 terms in the Thesaurus
structurally classified as ?elated. When thesé 556 related
terms were substituted (again where appropriate) into the
analytics involving original terms, there were 565 documents
cited as potentialianswers to the submitted questions. After
related terms were substituted to form new analyties, the

number of documents cited ranged from 0 to 109 documents per
formula. The average number of cites was 1.7 per analytic.
Redundancy

In an earlier discussion, we stated that our expectations for
related terms was a low value of redundancy. We do not expect
many of the documents cited by the "rglated analytics'" to be in
common with the set cited by the original analytics. This was
indeed true, of the 550 documents cited by the original analytics,
only 51 of them were also among the 565 documents cited by the
related analytics; The redundancy figuré of .09 was about what

was .expected.

AU



Recall and Precision

Recall and precision values can also ‘be determined for reiated
terms when these are spbstituﬁed into the search formula ana-
fytics. These values are Bgsed on the information analyst's
and the user's evaluations of relevancy. Of the 550 documents
cited by the original analytics, 144 were considered relevant
by the analyst. Tweive of these would have been cited had
related terms been used in the analytics iﬁstead of those
originally selected. The recali value of 8.5% indicates that
had all the related terms been used in thé search formulas to
replace the original terms, only one-twelfth of the documents
the analyst felt to be potentially useful would have been re~
trieved. The recall factor for documents evaluated as relevant
by the user was very low. Ninty-nine of the originally cited
documents were considered relevant by the user. Four of these
user-relevant documents were cited by analytics containing
related terms in lieu of the original terms. Recall is now
down to 4%, so that the prospect of retrieving relevant docu-
ments using related terms in search analytics is too dim to be

useful.
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Summary
The results of the experiment can be summarized in the following
four tables. Table 1 is the redundancy factors for each of the three

types of terms as they occufred in each of two component parts of search
formulas. Table 2 is the recall values for substituting the three types
when the information analyst's evaluation of relevancy is the criterion.
Table 3 is the recall values when the information user is the judge

of the relevancy. -Table 4 is the precision values for the threg types

of terms when document relevancy (user) is the basis of comparison, iﬁo
valﬁés'are given, one for the original term/analytic and one for the
substituted term/analytic,

Table 1. Redundancy Factors for Thesaural Substitutions into Search

Formula Analytics

Relationship of Analytic in Search Formula

Term type

Substituted Union Intersection
Broader 48 25
Narrower 17 17
Related .18 .09

Table 2. Recall Values for Thesaural Substitution into Search Formula
Analytics: Analyst's Evaluation of Document as Criterion

Relationship of Analyticein Search Formula_

Term type

Substituted Union Intersection
Broader .53 .26
Narrower .13 13
.Related .32 .09

36



Table 3. Recall Values for Thesaural Substitution into Search Formuila
Analytics: User's Judgment of Document as Criterion

Relationship of Analytic in Search Formula

‘Term Type

Substituted’ Union Intersection
Broader .57 .26
Narrower .15 .11
Related «29 04

Table 4, Precision Values for Thesaural Substitution into Search Formula
g Analytics: Relevant Documents Cited by Original Analytics as
Criterion

Relationship of Analytic in Search Formula

Term Type

Substituted Union Intersection
Broader .005 (.36)% L.015 (.30)
Narrower ..03 (.23) .05 (.21)
Related .01 (.25) 007 (.18)

* Values in the parentheses are for the original analytics

Improvement in Search Formula Results

A considerable number of desired documents that were
not retrieved by analytics containing the originally sampled
terms would have been retrieved had a thesaurally related term been
used in their places. The frequencies of occurrence of this type of event
are given in the following table.

The Frequency of Improved Recall of Relevant Documents
for Two Classes of Relevance Assessments

Type of Term Analyst Relevant User Relevant
Broader 34 (.09) 27 (.07)
Narrower 12\(.11) 11 (.10)
Related 18 (.06) 12 (.04)

Where values in the parentheses are precision values, i.e., proportion of

total documents cited by the new analytics that wera relevant,
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While thesaurally substituted analytics did retrieve a number of
documents that would not have been retrieved by the original analytics, they
also retrieved large numbers of non-relevant documents as indicated by the
precision values. In most cases 90% orimore of the retrieved documents using
the analytics formed by thesaural substitutions were of no use. It can
also be seen from the table that narrower terms did provide the best

precision values, but only by very small margins.
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CONCLUSIONS
The results of the experiment show Ehat the thesaural modifica-

tion of search formulas was, in general, ineffective in controlling
the output of searches conducted against the large NASA file. This was
so even though the Thesaurus was derived from the indexing vocabulary
of the same file that was searched. 'The inter-term relationships
fouﬁd in the Thesaurus had been established by conventions that were

- _agreed upon by a panel of\%xperts rather than by the natural usage of
these terms in the texts proper. But this is'the lesser part of the
answer, the greater part lies in the indexing.

The lack of effectiveness in regulating the output was

observed to be true of the ére-thesaurally indexed NASA file, but may
also apply to the %ile as indexed post~thesdurally. A visual
examination of the post-Thesaurus indexing suggests to this writer that
indexing with the aid of the Thesaurus is not significantly different
from the pre=thesaural indexing under the NASA Subject Authority List
(SAL). This, however, needs to be demonstrated empirically in a
companion study to this experiment. If it is indeed true that the post-
fhesaural indexing is not significantly different from the SAL indexing
which was shown to be lacking in the necessary redundancy for fine control
of the retrieval procedures, then the only effective function being
performed by the Thesaurus is the minor function of an authority list
for the selection of descriptors. The major function as a tool for
regulating the output of large mechanized retrieval systems remains
unusable. And as a consequence, recall and.precision values are likely

to remain low.
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We were unable to modify the bulk of the search formulas thesaurally
and thereby regulate the output to a degree which in any way would be
useful. Most of the difficulty can be attributed to the lack of a work-
able interface between the Thesaurus and the indexing which would pérmit
the structural mobility iﬁcorporated into the Thesaurus to be imposed over
the unstructured indexing found in the document file. One possibility
»fqr achieving this interfacing is to assign a value to each term in.the
Thesaurus based on accumulated search data from this and similar reéearch
experiences. The numeric value associated with each Thesaurué term would
be an indicator of the effectiveness of each term in retrieving relevant
documents rather than a frequency count of descriptor occurrences in
the total file.

In an empirical sense, broader terms were broader. They did index
many timeé more documents than the original terms, but the low redundancy
figures precludes their effectiveness in controlling the output. The low
recall and precision values substantiate this statement. High redundancy,
where it did occur, was almost entirely the result of an indexing policy
(since discontinued) of disjoining multiple~-word descriptors.

Narrower terms were even less useful in‘controlling the output of
searches. We expected the summation of the outputs of all the nérrower
terms for a given term to be equivalent to the output for that term.

That is, we expected the two outputs té be 1007 redundant. They were

in effect only 17% redundant.

Related terms performed about as expected-low redundancy, low

precision and recall.
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The performance of thesaurally substituted terms in search analytics
was disappointing with respect to the fine control of thé'output the -
Thesaurus is designed to provide. This is particularly devastating to
those who comstruct search formulas for searching the NASA file not’

knowing the exact terminology the author is employing (which is also

reflected in the descriptors selected by the professional indexer).
~The Thesaurus will not likely help him to home-in on thé target docﬁmegts
with any fewer modifications than could be achieved by not using it.
Information specialists will have to continue hedging their bets by
stringing together all possible search analytics in logical union to
guard against missing relevant documents.

Until the indexing of documents is perfeormed iﬁ such a way as to
conform to the stfuctural relationships of the Thesaurus, an information
specialist is just as well off usingkan authority list for selecting

terms in a search formula as he is in using the Thesaurus.
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Appendix A

Specific Details of Methodology

V(::) Delimiting a pdpﬁlétion of search formulas..

For the single "current awareness" seérch period selected as
the data base for this investigation, the indexes to 5600 "A" and
YN" documents were added to the machine searchable file and more
than eight hundred question statements were searched as part of the
"eurrent awareness' service of the Regionél Dissemination Center
at the University of Pittsburgh.

Since the usefulness of the Thesau&us would'be determined in
part by the user's evaluation of the cited documents, only those
strategies for which this information waS'availéble were used. A
second delimitation was that the question statement be represented
by a unique search strategy. Almost two hundred of the question
statements submitted to the system were not assigned unique strat-
egies but were searched with similar questiqn statements. These
wvere not included in the sample. Approximately 7 per cent of the
strategies scarched retrieve document citations {nfrequently,

.primarily because their subject area is not one covercd to any great
extent in the aerospace iiterature. For this investigation, those
strategies for which no documents wer; cited, as a result of the
computer search and those for which none of the cited documents were
forwarded to the user by the analyst were excluded from the sample.
Because it was believed that it would be useful to compare the
strategies developed after the publication of the Thesaurus with
those in use before its effective date, strategies that were can-

celled prior to January 31, 1968 were also eliminated from the sample.

A=l



Here, in summary, are the criteria used to select the sample of
strategies forming the data base for this $tudy, 1) the strategy
must have been applicable to only one question statement; 2) the com-
puter search mﬁst have resulted in citations some or all of which were
judged relevaqt by the analyst and forwarded to ﬁhe user; 3) the user
must have returned a re1e§ance sheet indicating the "relatedness" of
the computer cited documeqts to his question statement, and, 4) the
- _.question must still have been in forpe after the -effective date of the
Thesaurus. The chart in Figure A-1 illustrated these delimitation.
(::gﬁThé SAL terms from the delimited opoulation of search formulas were
keypunched, one term per card to form Deck A. These were then
sorteqwalphabetically in brder that the unique terms might be selected.
(:) The unique terms were converted to the Thesaurus form of the term and
the resulting ligt was keypunched, one term pér card. This deck, Deck
B, consisted of approximately 1500 terms. This set of terms does not
exactl& match the set of formula terms. In addition to those terms
in the formulas for which relevance information had been returned by the
user, the terms in all the formulas for which there was any feedback
from the user rela;ing to computer cited documents were included.
Some of the returqed relevance sheets included only documeﬁt orders
and were later deleted from the sample. Relevance sheets for several
questions had not been returned bi.the users at the time the search
was made of the files for the sample formulas. The terms for these

formulas were later added to the sample but do not appear in the sub-

sequent comparison of SAL and Thesaurus terminology.

*Circled numbers refer to appropriate parts of the schematic,

figure A-2,

A=2
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The Knowledge Availability Systems Center has a copy of the
Thgsaurus on compﬁter tape. Deck B was used to read all of the
strategy terms as Main terms along with their appropriate subterms
*from the computer tape of the Thesaurus. The terms were then written
onto another tape.

The Thesaurus is recorded on the éomputer tape as it appears
“in the first two volumes of the published Thesaurué, i.e., alphabétically
by Main Term followed by subterms arranged alphavetically within the
categories, "Used For,'il "Broader," "Narrower," ané "Related,"

One logical record equalled one 109 character record positioned

in ten fields. Only four of the fields were necessary to this project

and they were located in the following positions:

Field Position Content

I 1-7 a line sequencing number

1T 8 a term relationship code

11T 25-66 a 42 character subterm field
v 67-108 a 42 character Main Term field

The Main Terms and the appropriate subterms were read from the

taped Thesaurus onto another tape by matching the terms in Deck B, the
Thesaurus form of the original strategy terms, with the terms in Field
IV. When the term in Field IV maéched the term on the card, the log-
ical record was read onto another tape. When the terms no longer
-matched, the succeeding card was read from Deck B and the program con-
tinued to search in Field IV until all of the terms in Deck B had been
matched with a term in Field IV and all of the subterms had been read

..onto another tape, Tape Q.



(:) This second tape, Tape Q, comprising a subset of the Thesaurus, was
sorted alphabetically by the terms iﬁ Field III, the subterms, and
listed. This resulted in a list of approximately 22,000 terms of
which 8,000 were unique.

(:) Each unique term was then compared visually with the terms in the
o )

When a SAL term could be equated to the Thesaurus term on the
alphabetized listing of Tape Q, both terms were keypunched on one card:
the form found in the Thesaurus in the fifst 40 columns and the form
rfound in the §éL?in the second 40 columns, It was unnecessary to
keypunch a card for those terms that éxactly matched in the Thesaurus
and SAL. When there was no term in the SAL that could Be equated
to the Thesaur;s term, the Thesaurus term wés keypunched in the first
40 columns and again in the second 40 columns of the card but pre~
fixed in this case by a dash (~) in column 41,

This deck, Deck C, was used to substitute the SAL term for the
Thesaurus term when there was a difference between the two forms,
or to place a dash before the Thesaurus term if no equivalent term
could be found in the SAL. After Tape Q had been modified by Deck -
C, Tape Q was re-ébrted by line sequence number and listed. This
provided the SAL form of the term in the display §f terms afforded
by the Thesaurus.

(:) The deck, Deck C, that had been used to make the term substitutions
on Tape Q was then used to create a deck (Deck D) for making sihgié
aspect searches of the sample period. The cards with a dash (=)
in column 41 were sorted out of the deck since these terms did not
appear in the SAL

The search program used at the University of"?ittsburgh RDC re-
quires that the search term begin in columﬁ one and limits the number

" A6



Py

of characters for any one term to twenty-oﬁe. A thixd iéquirement
is that cach strategy be preceded by a card which has a unique (to that
Yun of‘thc tape) numbéf in the first five columms,

A prograﬁ was written for the IBM Computer Model 1130 that read
columns 41 through 61 on Deck ¢ and punched a cara with those characters
in columns one through 21 on a new card. The IBM Model 1130 wasialsob
used to.create the preliminary cards for the strategies, a dcck of 2,500
sequential fi&e digit numbers..

The IBM Computer Model 360-20 was used to interfile the term
cards with the preliminary number cards, the search deck, and to 1i;t
this deck, Deck p. This listing was hecessa;y because the strategy
terms do not appear on the computer printout of the search results,

Only the unique number on the preliminary card appears ana the.only
way to assign the printout of the search results to the appropriate
term (strategy) is by the number used on the preliminary card.

There wére two kinds of terms not in Deck C, the conversion deck,

because it had been unnecessary to keypunch conversion cards for them.

1. terms that were exact matches in the SAL and Thesaurus did
not need a conversion card beéapse they remained the same
on Tape Q.

?. access entries for terms appearing only as subterms on Tape Q
did not appear on Tape Q and consequently no conversion cards

were keypunched for them,

Terms that were exact matches in the SAL and Thesaurus were keypurniched

and added to the search deck.

The access entries for terms that were not Main Terms in the

subset of the Thesaurus posed a greater problem. Each unique term
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appearing in the alphabetical listing of Tape Q~had to be checked as

a Main Term in the ﬁublishcd Thesaurus in order to determine whether
it had access (ﬁsed For) entries appearing as subterms, When this
“occurred, both terms were keypunched on the same card, the legal éerm
in columns one through 38 gnd the access entry in columns 41 through
78. The unused coluﬁns were reserved for coding; This deck, Deck E,
was sorted alphabetically by the access entry, beginning in column 41,
and listed. . .

Alphébetizing by access entry was necesséry to facilitate search-
ing for the term in‘the'gék. When an equivalént'term was found in-the
SAL, it was keypunched and added to the search déck.

Each search consisted of appr;ximately one hundred and fifty
single aspect strategies. After the search was completed, the str;tegy
number cards an@ the term cards were separated on the sorter, The
strategy number cards were then coded, beginning in column seven, and
were reused in subsequent searches,

The deck of term cards was reproduced and the computer printout
of the document accession numbers cited for.the strategy was fastened
to the appropriate card,

:

Deck ¢, the conversion deck on which were keypunched both the

SAL and Thesaurus forms of the terms, and Deck £, the deck of access

entries? were sorted manually and the terms categorized by the kind of

difference between the SAL and Thesaurus forms of the terms,

All of the single

aspect searches that were made were not used
in this study, Only a very small number were used. The results of

the other single aspect scarches werce used in another study, However,
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the complete prvocess has been described because those used in this study

were not searched separately but were part of the total searched.
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